Introduction
Three-dimensional (3D) integrated microsystems such as 3D LSI Fig.2 where the diameter and the depth of trench are 2 p m and 50yr m, respectively. The heavily phosphorus doped poly-Si was deposited into the trench using low pressure cvD method after forming the thermal oxide with the thickness of 0.6 /r m on the trench surface. As a result, the vertical interconnection resistance of 30 o was obtained. This resistance value is too high to achieve a high speed 3D LSL Then, we try to employ tungsten in place of poly-Si for buried vertical interconnection. Tungsten film was deposited into the trench using a time-modulation low pressure cvD method. The multi chamber reactor is used in our W-CVD equipment as shown in Fig.3 .
The reaction chamber is a cold wall type and was maintained at high vacuum state of around 5 X 10'6 Pa. The wafer temperature was maintained at 350"C. Figure 4 shows the gas flow sequence in our time-modulation cvD for tungsten. The reaction mechanism corresponding to this gas flow sequence is illustrated in Fig.S. WF6 (10 sccm) and siHa (5 sccm) gases are alternately introduced into the reaction chamber in our time-modulation W-CVD method. One gas flow cycle consists of the introduction of wF6 and the evacuation of WF6 followed by the introduction of SiHa and the evacuation of SiHo. In Fig.4 , the duration time ts after turning off WF6 flow is necessary to evacuate remaining WF6 gas so that undesirable reaction between WF6 gas and SiHa gas inside the chamber is prohibited. The duration time tB after turning off SiHa flow is needed to promptly evacuate the reaction byproducts inside the deep trench. Accordingly, in our time-modulation W-CVD method, after the adsorption of WT6 gas on the trench surface by introducing WF6 gas into the chamber, extra WF6, goS remaining in the chamber is evacuated and then SiH+ gas is introduced to reduce WF6 by SiHa as shown in Fig.5 "Tffi"*l l*;r:J,*""' fr"r""r'*ioui 
